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Abstract
Objective
To evaluate the effects of berberine on the menstrual pattern, ovulation rate, hormonal and
metabolic profiles in anovulatory Chinese women with polycystic ovary syndrome.
Methods
Berberine 0.4 g three times per day was given for four months to 102 anovulatory Chinese
women with polycystic ovary syndrome. The menstrual pattern, ovulation rate, hormonal
and metabolic profiles were compared before and after the berberine treatment. Ovulation
was confirmed by serum progesterone level10ng/ml.
Results
A total of 98 of 102 subjects (96.1%) completed the four month treatment, including 69
(70.4%, 69/98) normal weight and 29 (29.6%, 29/98) overweight/obese. Fourteen women
(14.3%, 14/98) had regained regular menses after berberine treatment and there was no
significant difference between normal weight and overweight/obese groups. The ovulation
rate was 25.0% over four months in the whole group, 22.5% in the normal weight group and
31.0% in the overweight/obese group. Sex hormone binding globulin, insulin resistance,
total cholesterol, total triglyceride and low-density lipoprotein cholesterol decreased after
berberine treatment in the normal weight group only.
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Conclusions
Our study found that administration of berberine alonemay improve the menstrual pattern and
ovulation rate in anovulatory Chinese women with polycystic ovary syndrome. Berberine can
also decrease sex hormone binding globulin, insulin resistance, total cholesterol, triglycerides
and low-density lipoprotein cholesterol in normal weight polycystic ovary syndrome women.
Trial Registration
Chictr.org ChiCTR-OO-13003943
Introduction
Polycystic ovary syndrome (PCOS) is one of the commonest disorders in reproductive endocri-
nology among women in the reproductive age and is diagnosed by the presence of two out of
the following three: oligo- and/or anovulation, clinical and/or biochemical hyperandrogenism,
and ultrasound features of polycystic ovaries, with the exclusion of other aetiologies [1]. Insulin
resistance assessed by fasting glucose/ insulin ratio (GIR), homeostatic model assessment of
insulin resistance (HOMA-IR) or quantitative insulin sensitivity check index (QUICKI) is a
well recognised metabolic disturbance of PCOS [2]. It is found that insulin-sensitising agents
can ameliorate the insulin responsiveness and the compensatory hyperinsulinaemia leading to
improving ovulatory function.
Metformin, a biguanide, is the insulin-sensitising agent that is most commonly used in
patients with PCOS. A Cochrane review showed that when compared with placebo or no treat-
ment, metformin can improve the ovulation rate (OR 1.81; 95% CI 1.13–2.93) and clinical
pregnancy rate (OR 2.31; 95% CI 1.52–3.51) but not the live birth rate (OR 1.8; 95% CI 0.52–
6.16) [3]. Metformin has lower ovulation rate (OR 0.43; 95% CI 0.36–0.51), clinical pregnancy
rate (OR 0.34; 95% CI 0.21–0.55) and live birth rate (OR 0.3; 95% CI 0.17–0.52) than clomi-
phene citrate (CC). Its common side effects include nausea, vomiting.
Berberine, a natural plant alkaloid, is isolated from the Chinese herb, Coptis Chinensis
(Huanglian). It is usually used for diarrhea in China, and found to have a potential glucose low-
ering effect in recent years [4]. It has been used in PCOS women and may increase the success
of in vitro fertilization (IVF) following improvement of insulin resistance. Li et al. reported
that berbeirine 0.5g three times daily for 3 months in 120 PCOS women improved insulin resis-
tance [5]. In a prospective study of 150 infertile PCOS women, 3 months of berberine treat-
ment prior to an IVF cycle increased the live birth rate (48.6% vs 20.6%) compared with
placebo [6]. There is still no published study on the use of berberine alone on the menstrual
pattern, ovulation rate, hormonal and metabolic profiles of PCOS women.
The objectives of this prospective study were to evaluate the effects of berberine on the men-
strual pattern, ovulation rate, hormonal and metabolic profiles in anovulatory Chinese PCOS
women.
Materials and Methods
Subjects
This was a prospective study of 102 PCOS women recruited in the outpatient department of
Gynecology in Sun Yat-sen Memorial Hospital from July 2012 to February 2013. The inclusion
criteria were (i) Chinese; (ii) age>18 and<40 years; (iii) oligomenorrhea or anovulation (iv)
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clinical and/or biochemical hyperandrogenism or ultrasound features of polycystic ovaries; v) no
fertility wish within one year. Those on hormonal preparation within 3 months were excluded.
Subjects were divided into two groups according to their body mass index (BMI): (1) normal
weight group: BMI< 23 kg/m2 and (2) overweight/obese group: BMI 23 kg/m2 [7]. This study
had been approved by the ethic committee of Sun Yat-sen Memorial hospital and was registered
in the Chinese Clinical Trial Register (ChiCTR) with the registration number of ChiCTR-OO-
13003943. The purpose, procedure and potential risk of this study have been explained to each
participant. Written informed consent was obtained before beginning the study.
Study protocol
Berberine hydrochaloride tablets (0.1g/tablet, Guangdong Huanan Pharmaceutical Group Co.
Ltd.) was given at 0.4 g three times daily for four months. Berberine was delivered to the partic-
ipants individually every month. Menstrual calendar and side effect diary were recorded.
Serum progesterone (P) and human chorionic gonadotropin (HCG) concentration were mea-
sured weekly to confirm ovulation and exclude pregnancy. After 4 months of berberine, the
above assessments were repeated.
The primary outcomes were improvement of menstrual pattern and ovulation rates. The
secondary outcomes were improvement of hormonal and metabolic profiles. Our original aim
was to observe the subsequent effect of berberine for another 4 months after withdrawal. But
our results demonstrated berberine had no effect on hyperandrogenism during the 4-month
treatment. Depending on our results during the berberine treatment, we stopped the observa-
tion concerning the health of patients. The study ended in June 2013 after completing four-
month follow-up.
The menstrual cycles were defined as following patterns: (1) regular menses with an inter-
mentrual interval of 21–35 days; (2) oligomenorrhea with an intermenstrual interval> 35 days
but< 6 months; (3) amenorrhea with an intermenstrual interval> 6 months; (4) irregular
menses with an intermenstrual interval of 20–40 days and menses of 5 to 15 days [8]. Ovula-
tion was confirmed by serum progesterone level 10ng/ml. Ovulation rate was calculated as
the percentage of ovulatory cycles per total cycles [9].
Weight and height were measured before they joined the study. Hirsutism was assessed
using the Ferriman-Gallwey hirsutism score and is defined as modified F-G score 5 [10].
After an overnight fast of at least 12 hours, the subjects underwent a transvaginal or transrectal
ultrasound examination and a blood test on Day 2–5 of a spontaneous period or after a with-
drawal bleeding. All ultrasound examinations were performed at 8–10 a.m. with a 5–9 MHz
transvaginal probe of Shimadzu SDM-450 real time (Shimadzu Corp, Kyoto, Japan), after emp-
tying the bladder. Fasting blood was taken for the measurement of follicle stimulating hormone
(FSH), luteinizing hormone (LH), prolactin (PRL), estradiol (E2), total testosterone (TT), free
testosterone (FT), sex hormone-binding globulin (SHBG), dehydroepiandrosterone sulphate
(DHEAS), fasting plasma glucose, fasting insulin and lipid profile. The lipid profile included
total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C). Free androgen index (FAI) is calculated by the
equation: FAI = (TT (nmol/L)× 100)/SHBG (nmol/L) [11]. Homeostasis model assessment
(HOMA) is calculated by the equation: HOMA-IR = (fasting plasma glucose (mmol/l) × insu-
lin (IU/ml))/22.5. Insulin resistance (IR) was defined as HOMA 2.14 [12].
Measurements
FSH, LH, PRL, E2, TT, P and HCG were measured by the chemilumniescence immunoassays
Access 2 (Beckman, Fullerton, CA). FT and SHBG were measured by the Access 2 ELISA kits
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(Beckamn, Fullerton, CA). Insulin was measured bychemiluminescencce immunoassays
(Immulite 200 Analyzer, CPC, Los Angeles, CA). Glucose was measured using the glucose oxi-
dase and TC, TG, LDL-C, HDL-C were measured using an enzymatic calorimetric method
with the 7600 antoanalyzer (Hitachi 7600, Tokyo, Japan). The inter- and intra-assay variation
were 3.5% and 5.6% for FSH, 3.6% AND 4.3% for LH, 1.42% and 3.32% for PRL, 12% and 15%
for E2, 7.25% and 6.59% for P, 0.15% and 2.15% for HCG, 1.67% and 4.78% for TT,10% and
10% for FT, 4.0% and 5.3% for SHBG, 1.44% and<6% for glucose, 2.59% and<6% for TG,
2.11% and<6% for TC, 2.22% and<6% for HDL-C, 2.08% and<6% for LDL-C.
Statistical analyses
The primary analysis was intention to treat and included all subjects with available 4-month
outcome data. Normal-distributed continuous variables were given as mean ± standard devia-
tion (SD). Non-normal-distributed continuous variables were given as median (inter quartile
range). Continuous variables were compared by Student’s T test or Mann-Whitney U-test. Cat-
egorical variables were compared by Chi-square test or Fisher’s Exact Test. Statistical analysis
was carried out using the Statistical Program for Social Sciences (SPSS Inc., Version 18.0, Chi-
cago, USA). Statistical significance was set at a P value less than 0.05. Subgroup analysis was
carried out according to normal weight and overweight/obese groups.
Results
Study group
A total of 98 of 102 women (96.1%) completed the whole study period with full dataset. 2
women stopped the treatment, 1 lost to follow-up, and another for gastrointestinal side effects
(Fig 1). All other subjects tolerated the treatment well without serious complaints or side
effects. The median age of 98 women was 22 (18–39) years. The median BMI was 21.3 (15.6–
32.1) kg/m2. 29 women (29.6%, 29/98) were overweight/obese i.e. BMI 23kg/m2 while 15
patients (15.3%, 15/98) were obese i.e. BMI 25kg/m2. A total of 59 women (60.2%, 59/98)
had hirsutism and 51 (52.0%, 51/98) had acne.
Effect on the menstrual pattern
The menstrual pattern at baseline was shown in Table 1. The menstrual pattern after treatment
was significantly different from that before treatment in the whole group (P<0.001) and 14
women (14.3%, 13/98) had regained regular menses after treatment (11 in the normal weight
group and 3 in the overweight/obese group). No significant differences were found in the men-
strual pattern both before and after treatment between normal weight and overweight/obese
groups.
Effect on the ovulation rate
Fifty-one (52.0%, 51/98) women had at least one ovulation during the treatment period: 26
(26.5%, 26/98) had one ovulation, 11 (11.2%, 11/98) had two ovulations, 6 (6.1%, 6/98) had
three ovulations, 8 (8.1%, 8/98) had four ovulations. The ovulation rate was 22.5% and 31.0%
after 4-month treatment in the normal weight and overweight/obese groups, respectively. (Fig
2 and Table 2).
Effect on hormonal and metabolic profiles
The SHBG level decreased after berberine treatment in the whole group and such reduction
was observed in the normal weight group only. No difference was found in TT, FT, fasting
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insulin and HOMA-IR. The incidence of insulin resistance decreased in the whole group and
normal-weight group. Compared with baseline, TC, TG and LDL-C decreased after treatment
in the whole group and such reduction was again found in the normal weight group only. Only
TC decreased in the overweight/obese group after treatment (Tables 3 and 4).
Discussion
To the best of our knowledge, this is the first study to evaluate the effect of berberine treatment
alone on the menstrual pattern, ovulation rate, hormonal and metabolic profiles in anovulatory
PCOS women. Women were classified into normal weight and overweight/obese groups in
order to further evaluate the impact of weight on these effects.
Table 1. The menstrual pattern before and after 4-months of berberine in normal weight and overweight/obese groups.
Menstrual pattern Whole group (n = 98) Normal weight (n = 69) Overweight/obese (n = 29)
Pre-treatment Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment
Regular menses (%) 0 14(14.3%)** 0 11 (15.9%)** 0 3 (10.3%)*
Oligomenorrhea (%) 74 (75.5%) 75 (76.5%) 50 (72.5%) 50 (72.5%) 24 (82.8%) 25 (86.2%)
Amenorrhea (%) 9 (9.2%) 3 (3.1%) 7 (10.1%) 3 (4.3%) 2 (6.9%) 0
Irregular menses (%) 15 (15.3%) 6 (6.1%) 12 (17.4%) 5 (7.2%) 3 (10.3%) 1 (3.4%)
*P<0.05,
**P<0.01, pre-treatment vs post-treatment.
doi:10.1371/journal.pone.0144072.t001
Fig 1. Enrollment and outcomes.
doi:10.1371/journal.pone.0144072.g001
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Berberine, is recently found to have a potential glucose lowering effects on patients with dia-
betes and obesity in vitro and in vivo studies [13]. Ni et al. found that when berberine 0.3–0.5g,
three times daily was administrated to 60 patients with type 2 diabetes for 1–3 months, fasting
plasma glucose concentrations were reduced from 11.6mmol/L to 6.6 mmol/L [4]. Xie et al.
reported that fasting and postprandial plasma glucose concentrations were reduced by 21%
and 27%, respectively when treated with berberine 0.3–0.5g, three times daily [14]. Zhang et al.
administered berberine 0.5g twice times daily for 3 months and found plasma glucose, TG, TC
and LDL-C decreased significantly compared to placebo [15]. Wei et al. reported treatment
with berberine plus oral contraceptives in 89 PCOS patients improved insulin resistance and
lipid profile [16].
The mechanism of berberine in the treatment of diabetes remains unknown. Ko et al. found
berberine enhanced insulin / insulin-like growth factor-1 signaling cascade and increased glu-
cose-stimulated insulin secretion in Min6 cells [17]. Pan et al. reported berberine inhibited the
activity of alpha-glucosidase and decreased glucose transport in Caco-2 cell [18]. Berberine is
found to increase glucose uptake in HepG2 and 3T3-L1 cells, and enhances glucose metabolism
by stimulation of glycolysis [19–21]. After four months of berberine, 14 women (14.3%) had
Fig 2. The ovulation rates during the 4-month berberine treatment. The ovulation rates (no. ovulatory
cycles/no. cycles (%)) during the 4-month berberine treatment in the whole group, normal-weight group and
overweight/obese group.
doi:10.1371/journal.pone.0144072.g002
Table 2. Ovulation rates during the 4-month berberine treatment.
Month Ovulation rate (no. ovulatory cycles/no. cycles (%)) P value
Total Normal weight Overweight/obese
1st 15/98 (15.3%) 11/69 (15.9%) 4/29 (13.8%) 0.79
2nd 43/196 (21.9%) 28/138 (21.0%) 15/58 (25.9%) 0.39
3rd 67/294 (22.8%) 42/207 (20.3%) 25/87 (29.9%) 0.11
4th 98/392 (25.0%) 62/276 (22.5%) 36/116 (31.0%) 0.07
Normal weight vs Overweight/obese.
doi:10.1371/journal.pone.0144072.t002
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regular menses and there is no difference between normal weight and overweight/obese groups.
51 of 98 subjects had at least 1 ovulatory cycle during the 4-month berberine treatment. The
ovulation rate was 25.0% in the four-month treatment. The results indicated berberine alone
has a mediocre impact on the menstrual pattern and the ovulation rate. We did not observe
any difference in the menstrual pattern and the ovulation rate between normal weight and
overweight/obese groups.
Metformin has been shown to be effective in the treatment of anovulation in PCOS women.
Bridger et al. reported metformin could improve oligomenorrhea in a randomized placebo-con-
trolled trial of metformin for adolescents with PCOS [22]. Palomba et al. conducted a 6-month
randomized controlled clinical trial comparing clomiphene citrate (CC) and metformin for
ovulation induction [12]. The ovulation rate was similar in metformin and CC groups (62.9%
vs 67.0%). Legro et al. reported the ovulation rate was 29.0% in the metformin group, 49.0% in
the CC group and 60.4% in the combination group of CC and metformin [23]. Zain et al.
reported an ovulation rate of 23.7% in the metformin group, 59% in the CC group and 68.4% in
the combination group [24]. A Cochrane review showed that metformin can improve the ovu-
lation rate (OR 1.81; 95% CI 1.13–2.93) compared with placebo or no treatment but has a lower
ovulation rate (OR 0.43; 95% CI 0.36–0.51) compared with CC [3]. In our study, the ovulation
rate was 25.0% after 4 month berberine treatment in the whole group, 22.5% in the normal-
weight group and 31.0% in the overweight/obese group. The ovulation rate of berberine in our
study is similar to that of metformin in the study of Legro et al. and Zain et al. [22–23]. Our
Table 3. Hormonal andmetabolic parameters before and after berberine in the whole group.
Variables Pre-treatment Post-treatment P value
TT (nmol/L) 2.24(1.01–6.12) 2.03(0.32–3.98) 0.44
FT (pg/mL) 3.56(1.13–13.07) 3.28(1.03–10.47) 0.64
DHEAS (ng/mL) 2011.91(403.58–4261.00) 2141.00(752.41–4334.00) 1.00
SHBG (nmol/L) 61.03(12.29–203.04)* 35.16(8.04–157.09)* 0.02
FAI 3.97(0.50–33.16) 5.34(0.92–22.07) 0.29
Fasting glucose (mmol/L) 4.80(3.80–6.30) 4.80(4.10–5.60) 0.87
Fasting insulin (mU/L) 13.25(3.41–40.61) 11.65(5.48–40.85) 0.26
HOMA-IR 2.86(0.65–9.50) 2.44(1.19–6.44) 0.45
IR (%) 65.3 56.1 <0.001
TC(mmol/L) 4.86(3.21–6.97)* 4.03(2.70–6.53)* 0.002
TG (mmol/L) 1.12(0.26–3.55)* 0.70(0.35–2.38)* 0.002
HDL-C (mmol/L) 1.51(0.76–3.18) 1.35(0.68–2.44) 0.13
LDL-C (mmol/L) 2.72(0.96–5.36)* 2.40(1.24–3.92)* 0.001
Data are presented as Median (range); total testosterone;
FT, free testosterone;
DHEAS, dehydroepiandrosterone sulphate;
SHBG, sex hormone-binding globulin;
FAI, free androgen index;
HOMA-IR, homeostasis model assessment for insulin resistance;
IR, insulin resistance, HOMA 2.14;
TC, total cholesterol;
TG, triglycerides;
HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol.
*P<0.05, pre-treatment vs post-treatment.
doi:10.1371/journal.pone.0144072.t003
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results showed berberine used alone could improve ovulation rate similar to metformin alone.
Further studies are needed to compare the efficacy in ovulation induction between berberine,
metformin, CC or combination.
The hormonal and metabolic characteristics were compared before and after berberine
treatment. An et al. compared the efficacy of berberine, metformin or placebo in PCOS patients
prior to IVF treatment [6]. SHBG increased in both berberine and metformin groups with
decrease of TT and FAI. Wei et al. in a randomized study compared the effects of berberine on
metabolic characteristics with metformin and placebo groups [16]. Oral conceptive (OC)
including ethiniyl estradiol and cyproterone acetate was administrated simultaneously. An
increase in SHBG was shown in both berberine and metformin groups. In our study, the SHBG
level decreased after treatment in the whole group and such reduction was in the normal
weight group only. Our results were contradictory to that of Wei’s study. The increase of
SHBG inWei’s study may be partly due to effect of OC. It is difficult to assess the effect of ber-
berine on SHBG level when combined with OC. Legro et al. reported the metformin group had
a significant decrease in TT and a significant increase in SHBG with a corresponding decrease
in FAI [22]. Our results also suggested that berberine might have a different effect on SHBG
compared with metformin. Decrease of SHBG and increase of FAI after berberine treatment
Table 4. Hormonal andmetabolic parameters before and after berberine in normal weight and overweight/obese groups.
Variables Normal weight (n = 69) Overweight/obese (n = 29)
Pre-treatment Post-treatment Pre-treatment Post-treatment
TT (nmol/L) 2.29(1.01–6.12) 1.99(0.76–3.98) 1.99(1.14–5.41) 2.27(0.32–3.41)
FT (pg/mL) 3.36(1.13–13.07) 2.76(1.03–10.47) 4.07(1.38–7.89) 4.60(1.35–9.27)
DHEAS (ng/mL) 1975.00(403.58–4261.00) 1959.00(752.41.00–3568.00) 2048.00(1040.00–3693.18) 2209.00(1161.00–4334.00)
SHBG (nmol/L) 69.53(12.29–203.04)* 39.46(8.04–157.09)* 34.19(15.02–202.31) 26.13(8.30–54.85)
FAI 3.44(0.50–22.14) 4.40(0.92–16.30) 6.42(1.19–33.16) 6.96(4.22–22.07)
Fasting glucose (mmol/L) 4.80(4.07–5.80) 4.80(4.10–5.50) 4.90(3.80–6.30) 4.90(4.10–5.60)
Fasting insulin (mU/L) 10.67(3.41–36.33) 10.58(5.48–26.35) 20.51(9.21–40.61) 17.91(6.99–40.85)
HOMA-IR 2.25(0.65–8.07) 2.35(1.19–5.39) 4.71(1.56–9.50) 3.86(1.49–6.44)
IR (%) 53.6 44.9** 93.1 82.8
TC(mmol/L) 4.78(3.22–6.97)* 3.92(2.70–6.53)* 4.97(3.21–6.97) 4.19(3.22–5.21)*
TG (mmol/L) 0.93(0.26–3.49)** 0.68(0.35–1.73)** 1.18(0.64–3.55) 1.27(0.41–2.38)
HDL-C (mmol/L) 1.63(0.76–3.18) 1.43(1.02–2.44) 1.23(0.87–1.77) 1.24(0.68–1.55)
LDL-C (mmol/L) 2.63(0.96–5.36)** 2.37(1.24–3.92)** 3.13(2.02–4.85) 2.51(1.92–3.43)
Data are presented as Median (range); total testosterone;
FT, free testosterone;
DHEAS, dehydroepiandrosterone sulphate;
SHBG, sex hormone-binding globulin;
FAI, free androgen index;
HOMA-IR, homeostasis model assessment for insulin resistance;
IR, insulin resistance, HOMA 2.14;
TC, total cholesterol;
TG, triglycerides;
HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol.
*P<0.05,
**P<0.01, pre-treatment vs post-treatment.
doi:10.1371/journal.pone.0144072.t004
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showed berberine had no obvious efficacy on hyperandrogenism. Further studies are needed to
prove the results and clarify the mechanism.
Mohiyiddeen et al. found a significant decrease of TG and TC in patients with PCOS after
metformin treatment but the sample size was small [25]. Ladson et al. compared the effects of
metformin with lifestyle therapy in a randomized double-blind study [26]. TC, TG and LDL-C
increased, but it had no significant difference. HDL-C decreased significantly in both metfor-
min and lifestyle groups, showing the effect of lifestyle modification. Wei et al. compared the
short-term effect of berberine with metformin on the metabolic features of PCOS patients.
Increase of TC, TG, LDL-C and decrease of HDL-C were found in berberine group [16]. Only
decrease of HDL-C was observed in metformin group. An et al. reported a decrease of TG and
LDL-C in both berberine and metformin groups, which was more significant in the berberine
group [6]. In our study, TC, TG and LDL-C decreased after treatment in the normal-weight
group only. Only TC decreased in the overweight/obese group after treatment. Our results
were similar to Wei’ study [16]. It is interesting that the improvement of lipid profile is signifi-
cant in the normal weight group only. We confirmed an improvement of IR in the normal
weight group only after berberine treatment.
In conclusion, our study found that berberine alone may improve the menstrual pattern
and the ovulation rate in anovulatory Chinese women with polycystic ovary syndrome. Berber-
ine can decrease sex hormone binding globulin, insulin resistance, total cholesterol, triglycer-
ides and low-density lipoprotein cholesterol in normal weight patients with PCOS.
Limitations
There was no placebo or active treatment for comparison in our pilot pre- and post-treatment
study. However, we feel it is important to have information regarding the ovulation rate follow-
ing berberine which can be used for sample size calculation in subsequent randomized trials
comparing the effects between berberine and CC or metformin. The other limitation is the lack
of the pregnancy rate as it is still not clear if berberine may cause any congenital abnormalities.
Therefore, subjects were advised to use contraception during the study period.
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